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voltage curve in an organic coloring matter 
intensified type oxide semi- conductor electrode . 

SOLUTION: An organic coloring matter 
intensified type oxide semi-conductor electrode is 
formed out of a transparent base provided with a 
conductive surface, an oxide semi-conductor film 
formed over the aforesaid conductive surface, and 
of organic coloring matter adsorbed by the surface 
of the oxide semi-conductor film, the aforesaid 
oxide semi-conductor film is formed out of the 
baked substance of aggrege of oxide semi-conductor 
fine particles, is thin as at least lOnm, 
concurrently, the ratio of actual surface area to 
its apparent surface area is more than 10, and the 
aforesaid organic coloring pigment is coloring 
pigment having 9-phenyl xanthene skeletons. The 
solar cell is formed out of the aforesaid oxide 
semi-conductor electrode, its opposite electrode, 
and of redox electrolyte coming in contact with 
these electrodes . 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the solar cell containing an organic-coloring- 
matter sensitization type oxide semiconductor electrode and this. 
[0002] 

[Description of the Prior Art]The solar cell containing the oxide semiconductor electrode by 
which sensitization was carried out with organic coloring matter is known. According to Nature 
and 261 (1976)P402, compression molding of the zinc oxide powder is carried out, and the 
solar cell using the oxide semiconductor electrode to which the rose bengal was made to stick 
as organic coloring matter in the sintered compact disk surface which was sintered for 1 hour 
and formed at 1300 ** is proposed. However, if the current value at the time of the 
electromotive voltage of 0.2V is very as low as an about 25microA grade according to the 
current / the voltage curve of this solar cell, therefore this solar cell is seen from its current / 
voltage curve, it will be judged that that utilization is almost impossible. On the other hand, if 
said solar cell is evaluated from a point of the material, the dramatically advantageous thing of 
[ oxide semiconductors and organic coloring matter / each ] which are used for it is clear from 
being the comparatively cheap thing mass-produced. 
[0003] 

[Problem(s) to be Solved by the lnvention]This invention makes it the technical problem to 
provide the solar cell containing the electrode and it which give practical current / voltage curve 
in an organic-coloring-matter sensitization type oxide semiconductor electrode. 
[0004] 

[Means for Solving the Problem]This invention persons came to complete this invention, as a 
result of repeating research wholeheartedly that said technical problem should be solved. 
Namely, a transparent substrate which has the conductive surface according to this invention 



http://www4ipdl.inpit.gojp/cgi-bin/tran_web_cgi_en 11/5/08 



JP,10-092477,A [DETAILED DESCRIPTION] 



Page 2 of 14 



and an oxide semiconductor film formed in the conductive surface, Consist of organic coloring 
matter adsorbed on the surface of the oxide semiconductor film, and this oxide semiconductor 
film, While being formed from fired material of an oxide semiconductor particle aggregate and 
having a thickness of at least 10 nm, A ratio of real surface area to that [ the / appearance ] is 
ten or more, and an oxide semiconductor electrode, wherein said organic coloring matter is 
coloring matter which has 9-phenyl xanthene skeleton is provided. According to this invention, 
a solar cell which comprises a redox electrolyte in contact with said oxide semiconductor 
electrode, its counter electrode, and those electrodes is provided. 
[0005] 

[Embodiment of the lnvention]The thing of a publicly known view kind is conventionally 
included by the oxide semiconductor used by this invention. As such a thing, perovskite 
system oxides, such as SrTi0 3 and CaTi0 3 , besides the oxide of transition metals, such as Ti, 

Nb, Zn, Sn, Zr, Y, La, and Ta, etc. are mentioned. As for this oxide-semiconductor powder, it is 
preferred that they are particles as much as possible, and 5000 nm or less of that mean 

2 

particle diameter is 50 nm or less preferably. The specific surface area of more than 5-m /g is 
more than 10-m /g preferably. 

[0006]The organic coloring matter used by this invention is coloring matter which has 9-phenyl 
xanthene skeleton expressed with a following formula. [Formula 1] 

[o] 

Polar groups, such as a carboxyl group, a sulfonic group and a hydroxyl group, an amino 
group, a halogen atom, and N0 2 , combine with the 9-phenyl xanthene skeleton one or more 

coloring matter which has said 9-phenyl xanthene skeleton. What has acidic groups, such as a 
carboxyl group, a sulfonic group, a hydroxyl group, or water soluble salt of those is excellent in 
the adsorptivity over an oxide semiconductor. Such organic coloring matter is known well 
conventionally, and can mention the following as the example, for example. 
[0007](1) Rose bengal (Ro) 
[Formula 2] 




(2) 



(2) Rhodamine B (Rh) 
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(3) Eosine B (EB) 
[Formula 4] 




(4) 



(4) Dibromofluorescein (DB) 
[Formula 5] 




(5} 



(5) Erythrosine B (Er) 
[Formula 6] 




(6) Eosine Y (EY) 
[Formula 7] 




(7) 



(7) dichlorofluorescein (DC) 
[Formula 8] 
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(8) Pyrogallol (Py) 
[Formula 9] 

OH oh 



(9) 



(9) Fluorescein (Fl) 
[Formula 10] 




OH 



(10) Phloxine(Ph) 
[Formula 11] 

Br Br 




(11) 



(11) Aminopyrogallol (AP) 
[Formula 12] 




SO a Na 



02) 



(12) Fluorescin (Fn) 
[Formula 13] 
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(U) 



(13) Uranine (Ur) 
[Formula 14] 




(14) 



(14) 4,5,6,7-tetrachlorofluorescein (Tf) 
[Formula 15] 




(15) 



(15) Fluorescein amine I (11) 
[Formula 16] 




(16) 



(16) fluorescein amine II (12) 
[Formula 17] 




(17) Rhodamine 123 (R3) 
[Formula 18] 
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(1 8> 



(18) Rhodamine6G (R6) 
[Formula 19] 




(1 9) 



[0008]ln order to manufacture the oxide semiconductor electrode of this invention, the coating 
liquid containing the impalpable powder of an oxide semiconductor is made first. This oxide- 
semiconductor impalpable powder is so preferred that that primary particle diameter is 
detailed, and 1-5000 nm of that primary particle diameter is usually 2-50 nm preferably. The 
coating liquid (slurry liquid) containing oxide-semiconductor impalpable powder can be 
prepared by distributing oxide-semiconductor impalpable powder in a solvent. The oxide- 
semiconductor impalpable powder distributed in the solvent is distributed with the primary 
particle state. As a solvent, if oxide-semiconductor impalpable powder may be distributed, 
what kind of thing may be used and it will not be restrained in particular. The mixed liquor of 
water, an organic solvent, and water and an organic solvent is included by such solvent. As an 
organic solvent, hydrocarbon, such as ketone, such as alcohol, such as methanol and ethanol, 
methyl ethyl ketone, acetone, and an acetylacetone, hexane, and cyclohexane, etc. are used. 
Into coating liquid, a surface-active agent and viscosity modifiers (polyhydric alcohol, such as a 
polyethylene glycol etc.) can be added if needed. The oxide-semiconductor impalpable powder 
concentration in a solvent is 0.1 to 30 % of the weight preferably 0.1 to 70% of the weight. 
[0009]Next, said coating liquid is applied on a substrate, and it dries, subsequently it calcinates 
in air or inactive gas, and an oxide semiconductor film is formed on a substrate. As a 
substrate, a substrate with which the surface was formed in the conductive surface at least is 
used. A substrate which consists of conductive materials, such as a thing in which an 
conductive-metallic-oxide thin film of ln 2 0 3 or Sn0 2 was formed on heat-resistant boards, such 

as glass, and metal, as such a substrate is used. Such a conductive substrate is known well 
conventionally. Although thickness in particular of a substrate is not restrained, it is usually 0.3- 
5 mm. This conductive substrate can be transparent or opaque. A tunic produced by applying 
and drying coating liquid on a substrate consists of an aggregate of an oxide semiconductor 



http://www4ipdl.inpit.gojp/cgi-bin/tran_web_cgi_ejj 11/5/08 



JP,10-092477,A [DETAILED DESCRIPTION] 



Page 7 of 14 



particle, and particle diameter of the particle is equivalent to primary particle diameter of used 
oxide-semiconductor impalpable powder. Thus, since associative strength with a substrate and 
associative strength between the particle are weak and a mechanical strength is weak, let an 
oxide semiconductor particle aggregate film formed on a substrate be the fired material film 
which calcinated this, and a mechanical strength was raised and adhered to a substrate 
strongly. 

[0010]ln this invention, this fired material film shall be used as porous structure membrane, 
and at least 10 nm of that thickness shall be 100-10000 nm preferably, and a ratio of real 
surface area to that [ that / appearance ] is preferably made or more into 100 ten or more. 
Although a maximum in particular of this ratio is not restrained, it is usually 1000-2000. Said 
appearance surface area means the usual surface area, for example, it is expressed with 
length beside [ length x ] vertical when the shape of the surface type is a rectangle. Said real 
surface area means BET surface area determined by the amount of adsorption of krypton gas. 
The concrete measuring method is liquid nitrogen temperature using a BET surface area 
measuring device (the Micromeritics make, ASAP2000) about an oxide semiconductor film 

2 

with a substrate of appearance surface area of 1 cm, and is a method of making krypton gas 
adsorbing. BET surface area is computed based on the krypton gas amount of adsorption 
obtained by this measuring method. Such porous structure membrane has detailed 
unevenness on fine pores detailed to the inside, and its surface. When a ratio of real surface 
area to thickness and appearance surface area of a fired material film became smaller than 
said range and organic coloring matter is made to stick to the surface as a monomolecular film, 
surface area of the organic-coloring-matter monomolecular film becomes small, and it 
becomes impossible to obtain an electrode with sufficient optical absorption efficiency. The 
above fired material films of porous structure can be obtained by making the calcination 
temperature low and making a particulate aggregate film sinter lightly on the occasion of 
calcination of a particulate aggregate film formed by applying on a substrate and drying coating 
liquid containing an oxide semiconductor particle. In this case, calcination temperature is lower 
than 1000 **, and is usually 500-800 ** preferably 300-800 **. If calcination temperature 
becomes higher than 1000 **, sintering of a fired material film can progress too much, as a 
matter of fact, surface area becomes small, and a fired material film for which it asks cannot be 
obtained. A ratio of real surface area to that [ said / appearance ] is controllable with particle 
diameter and specific surface area of an oxide semiconductor particle, calcination temperature, 
etc. 

[001 1]Next, organic coloring matter is made to stick to the oxide semiconductor film surface on 
a substrate produced by making it above as a monomolecular film, for this reason -- being 
alike -- the inside of an organic-coloring-matter solution which made it dissolve in an organic 
solvent and formed organic coloring matter -- an oxide semiconductor film -- a substrate -- 
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what is necessary is to just be immersed in this case, an inside of an oxide semiconductor film 
whose organic-coloring-matter solution is porous structure membrane -- it is preferred to carry 
out decompression treatment of that film in advance of immersion to an organic-coloring- 
matter solution, or to heat-treat, and to remove beforehand air bubbles contained in a film so 
that it may advance deeply. Immersion time is suitably set according to a kind of organic 
coloring matter, although it is 30 minutes - about 24 hours. If needed, the multiple-times loop of 
the dipping treatment can be carried out, and it can also be performed. An oxide 
semiconductor film which adsorbed organic coloring matter is dried at ordinary temperature -80 
** after said dipping treatment. 

[0012]The number of organic coloring matter made to stick to an oxide semiconductor film 
does not need to be one, and several organic coloring matter in which optical absorption fields 
differ preferably is made to stick to it in this invention. By this, light can be used efficiently. In 
order to make two or more organic coloring matter stick to a film, a method of immersing a film 
into a solution containing two or more organic coloring matter, a method of preparing two or 
more organic-coloring-matter solutions, and immersing a film in these solutions one by one, 
etc. are mentioned. In a solution in which an organic solvent was made to dissolve organic 
coloring matter, as the organic solvent, if organic coloring matter may be dissolved, it is usable 
in arbitrary things. As such a thing, methanol, ethanol, acetonitrile, dimethylformamide, 
dioxane, etc. are mentioned, for example. Among 100 ml of solutions, 1-10000 mg, 
concentration of organic coloring matter in a solution is about 10-500 mg, and is preferably 
defined suitably according to a kind of organic coloring matter and organic solvent. 
[001 3]A solar cell of this invention comprises a redox electrolyte in contact with said oxide 

semiconductor electrode, counter electrodes, and those electrodes. As a redox electrolyte, an I 

" /l 3 " system, a Br " /Br 3 " system, quinone / hydroquinone system, etc. is mentioned. Such a 

redox electrolyte can be conventionally obtained by a publicly known method, for example, an 

electrolyte of an I" /I " system can be obtained by mixing iodine with ammonium salt of iodine. 

The electrolyte can be a solid polymer electrolyte which made a liquid electrolyte or this 
contain in a polymeric material. In a liquid electrolyte, as the solvent, an inertness thing is used 
electrochemically, for example, acetonitrile, propylene carbonate, ethylene carbonate, etc. are 
used. Although it has conductivity and arbitrary conductive materials should just be used as a 
counter electrode, use of a thing with catalyst ability to which a reduction reaction of redox ion 

of oxidation types, such as l 3 " ion, is made to perform with sufficient speed is preferred. As 

such a thing, what gave platinum plating and platinum vacuum evaporation, rhodium metal, a 
ruthenium metal, ruthenium oxide, carbon, etc. are mentioned to a platinum electrode and the 
electrical conducting material surface. 
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[001 4]A solar cell of this invention stores and closes said oxide semiconductor electrode, an 
electrolyte, and a counter electrode in a case, or carries out the resin seal of these whole. In 
this case, it is considered as structure where light strikes upon that oxide semiconductor 
electrode. If visible light equivalent to sunlight or sunlight is hit to the oxide semiconductor 
electrode, potential difference will arise between an oxide semiconductor electrode and its 
counter electrode, and current will come to flow through a cell of such a structure among two 
poles. 
[0015] 

[Example]Next, this invention is further explained in full detail according to an example. The 
electrode area of the cell produced in the following examples is 1x1 cm in each case. Light 
with a wavelength [ from the lamp ] of 420 nm or less was cut with the filter, using the xenon 
lamp of 500w as a light source which operates a cell. The potentiostat which prepared the zero 
shunt ammeter for measurement of the short-circuit current and open circuit voltage was used 
about the produced cell. In the used oxide-semiconductor powder, it is a commercial item 
(and) as Ti0 2 . [ Japan ] As Nb 2 0 5 , what carried out the pyrolysis (500 degrees, 1 hour, 

p 

99m /g) of the hydroxylation niobium (made by Central Glass Co., Ltd.), and prepared it was 

used using P-25 and surface area [ of 55 m ]/g. The commercial item (Wako Pure Chem) was 

used as ZnO (20m 2 /g), Sn0 2 (60m 2 /g), and ln 2 <D 3 (25m 2 /g). Ro (rose bengal), Rh (rhodamine 

B) which were described above as organic coloring matter, EB (eosine B), DB 
(dibromofluorescein), Er (erythrosine B), EY (eosine Y), DC (dichlorofluorescein), Py 
(pyrogallol), F1 (fluorescein), Ph (phloxine), AP (aminopyrogallol), Fn (fluorescin) and uranine 
(Ur)4,5,6,7-tetrachlorofluorescein (Tf), the fluorescein amine I (11), the fluorescein amine II (12), 
the rhodamine 123 (R 3 ), and rhodamine 6G (R g ) were used. 

[0016]Example 1 oxide semiconductor electrode was produced as follows. Said metal oxide 
powder (each of the first [ an average of ] particle diameter is 50 nm or less) was distributed at 
concentration about 1 wt% in the mixed liquor (capacity mixture ratio = 20/1) of the water and 
the acetylacetone containing a nonionic surfactant, and slurry liquid was prepared. Next, the 
dry matter which applied this slurry liquid on the 1-mm-thick electrically-conductive-glass board 
(F-Sn0 2 , 10 ohm/sq), and was obtained by drying was calcinated in the air at 500 ** for 1 hour, 

and the 7-micrometer-thick fired material film was formed on the substrate. When the relation 
with the kind of oxide semiconductor showed the real surface area ratio to the surface area of 
the appearance of this fired material film, it was TiO 2 :500, Nb 2 O 5 :850, ZnO:200, SnO 2 :500, 

and ln 2 O 3 :200. Next, after performing coloring matter adsorption treatment, this fired material 

film having been immersed into the organic-coloring-matter solution with the substrate, and 
performing reflux at 80 **, it dried at the room temperature. In this case, except for F1 , by the 
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concentration of 100 mg/100 ml, the organic-coloring-matter solution dissolved into ethanol, 
and prepared organic coloring matter. F1 solution dissolved and prepared F1 in 
dimethylformamide by 100 mg/100ml concentration. 

[0017]The oxide semiconductor electrode obtained as mentioned above and its counter 
electrode were contacted to the electrolyte solution, and the solar cell was constituted. In this 
case, as a counter electrode, the electrically conductive glass which vapor-deposited platinum 
by 20-nm thickness was used. The distance between two electrodes was 1 mm. As an 
electrolyte solution, the mixed liquor (capacity mixture ratio = 80/20) of ethylene carbonate and 
acetonitrile containing tetrapropylammonium iodide (0.46M) and iodine (0.6M) was used. The 
short-circuit current about each cell and open circuit voltage which were produced by making it 
above are shown in Table 1, and the consideration about the experimental result is shown 
below. 
[0018] 
[Table 1] 
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TiO a 


Ni> 3 0 6 


ZeG 




ln 3 0 8 


_. ^ 


bA/V 


mA/Y 


mA/'V 


uA/V 




Ro 


0-062/0,481 


0.004/0,202 


0, 240/0. 496 


0,205/0,455 


1.220/0.301 


Rh 


0.423/0,589 


0,372/0.490 


0,441/0.515 


0.668/0.436 


1,530/0.219 


Er 


0.280/0.565 


0.007/0,255 


0.666/0,572 


0.422/0.531 


1. 380/0. 298 


EY 


0.569/0.647 


0.016/0.387 


1.030/0.558 


0. 458/0. 527 


1.410/0.331 


Fl 


0. 488/0. GOG 


0. 003/0. 257 


0.526/0,542 


0.372/0.347 


0.497/0.256 


' Pb 


0.053/0.480 


0.001/0.101 


0,433/0.521 


0.330/0.414 


1.500/0.323 


EB 


0,058/0.491 


0.QQ3/C.155 


0,231/0.473 


0.146/0.427 


M1Q/Q.308 


DB 


0,495/0.589 


0.003/0.300 


1.D60/0.532 


0.688/0,317 


1.020/0.244 


DC 


0.300/0,580 


0.009/0.187 


0.691/0.516 


0.304/0.239 


0.689/0,244 


PT 


0.327/0.353 


0.043/0.293 


O.028/O.1H 


0. 062/0. 378 


0.071/0.299 


AP 


0. 012/0. 342 


0,125/0.4** 


0.2M/Q.432 


0.059/0.361 


0.245/0,305 


n 


0.430/0. 571 


0.038/0.335 


0,3J5/Q.441 


0.S01/O.239 


0.236/0.159 


Ur 


0.208/0,578 


0.008/0,366 


0,3*7/0.498 


0.308/0.486 


1.270/0,298 


Ti j 


0.062/Q.46T 


0.002/0,171 


0,296/0. 501 


0.029/0.306 


0. 338/0- 230 


11 


0.410/0.595 


0.006/0.293 


0. 327/0. m 


0.131/0.265 


0.503/0.208 


12 


0.349/0.619 


0.006/0. 2J0 


0.249/0.512 


0.021/0.248 


0.668/0,240 


13 


0.211/0.558 


0.080/0. 480 


0.066/0- 463 


0.335/0,318 


0.535/0.235 


W 


0,013/0.358 


0.108/0.455 


0,024/0.445 


&.010/0.11& 


D.174/Q.2B4 


EYrFu 


0. 822/0. 562 











[0019](1) It stuck to the rose bengal (Ro) to a Ti0 2 electrode best, and it was hardly sticking to 

Nb 2 0 5 . Short-circuit current sufficient except a Nb 2 0 5 electrode and open circuit voltage were 

obtained. By ln 2 0 3 , the high current value was acquired especially. The reason performance is 

low is considered [ because the potential of the conducting zone is too high ] to be hard to 
carry out adsorption of coloring matter by Nb 2 0 5 - 

(2) Rhodamine B (Ro) showed adsorption good about every electrode. Short-circuit current 
sufficient by any electrode and open circuit voltage were obtained. In particular, in ln 2 0 3 , the 

high current value was acquired and the maximum in an ln 2 0 3 electrode was obtained. The 

greatest current value in a Nb 2 0 5 electrode was acquired also about Nb 2 0 5 - 

(3) The same result as Ro was obtained about erythrosine B (Er). 
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(4) The same result as Ro was obtained also about eosine Y (EY). In the Ti0 2 electrode, the 

greatest current in a Ti0 2 electrode and voltage were obtained. When life test of the cell 

containing the Ti0 2 electrode which adsorbed this EY was done, under the conditions which 

removed the moisture and oxygen in a cell nearly thoroughly, it was checked that degradation 
of performance will not have about ten days. In this case, it can be said that it can use such 
organic coloring matter for stability unless it is influenced by decomposition by oxygen etc. 
since the turnover number of the coloring matter calculated from the total current value which 
flowed amounts to 370,000 times or more. 

(5) Although the absorbance of the coloring matter of fluorescein (F1) was small, sufficient 
coloring was shown when it was made to stick to a semiconductor electrode. The result same 
as a cell action as EY was obtained. 

(6) The phloxine (Ph) gave the same result as Ro. 

(7) The eosine B (EB) gave the same result as Ro. 

(8) It stuck to dibromofluorescein (DB) to a Ti0 2 electrode best, and it was hardly sticking to 
Nb 2 0 5 - Short-circuit current sufficient in electrodes other than Nb 2 0 5 and open circuit voltage 
were obtained. In particular, the maximum in those electrodes was obtained in ZnO and Sn0 2 . 

(9) Dichlorofluorescein (DC) gave the same result as Ro. 

(10) In the case of pyrogallol (Py), it stuck to any electrode, but the long wavelength shift of the 
absorption wavelength was seen. The high short-circuit current was especially acquired about 
the Ti0 2 electrode. 

(11) Aminopyrogallol (AP) stuck to any electrode and was sticking especially to Ti0 2 strongly. 
However, the short-circuit current high about electrodes other than Ti0 2 as a battery 
characteristic was acquired. 

(12) Fluorescein (Fn) showed the battery characteristic of the same action as Ro. 

(13) The same result as Ro was obtained about uranine (Ur). 

(14) The same result as Ro was obtained about 4,5,6,7-tetrachlorofluorescein (Tf). 

(15) The same result as Ro was obtained about the fluorescein amine I (11). 

(16) The same result as Ro was obtained about the fluorescein amine II (12). 

(17) About the rhodamine 123 (R g ), it adsorbed to a niobium oxide electrode very well, and the 

high current value was acquired compared with other coloring matter. A result which Rh and a 
tendency resembled was brought. 

(18) Although it adsorbed to a niobium oxide electrode well about rhodamine 6G (R g ) and the 

high current value was acquired compared with other coloring matter, in electrodes other than 
niobium oxide, the performance was low. 
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(19) Often stick to the mixed color matter of EY and Fn to a Ti0 2 electrode, it gives a highly 



efficient cell, and its short-circuit current improves rather than the time of using EY and Fn 
independently. This is considered because the field of the light which can be used spread. 
[0020]The paper of comparative example 1 previous report (Nature and the semiconductor 
powder which sintered ZnO at 1300 degrees like the method of 261 (1976)p402 were 
prepared, after that, the film was produced on electrically conductive glass by the same 
method as Example 1, and the ZnO electrode (real surface area ratio <10 to appearance 
surface area) was prepared.) Then, the rose bengal (Ro) was made to adsorb by the same 
method as Example 1. However, when the absorbance compared the amount of adsorption, it 
was about [ of the value of Example 1 ] 1/5. Next, when investigated about the battery 
characteristic, a result shown in Table 2 was brought and it became a small short-circuit 
current and open circuit voltage by the case of Example 1 . 

[0021]As two to comparative example 4 organic coloring matter, the cell was constituted like 
the case of Example 1 the acid orange 7 (A7) of the structure shown below, the MODAN 
orange 1 (M1), and except having used the Clare farce tread (NF) again. The short-circuit 
current about these cells and open circuit voltage are shown in Table 2, and consideration of 
the experimental result is shown below. 
[0022](A7) 
[Formula 20] 



Na0 3 S 




-N=N 




<2 0) 



(Ml) 

[Formula 21] 

COOH 

0 ? N— f V-N-N— f \-OH 



(21) 
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[0023] 



[Table 2] 




Ti0 2 




ZnO 


S11O2 


IqsOs 




wA/V 


fflA/V 




wk/V 


mA/V 


lo 






0.0S9/O.431 






Rb 


Q.QQ2/Q.289 


0.000/- 


0.003/0.318 


0.006/0.253 


0.043/0.175 


Et 


0.012/0.371 


0.001/0.107 


0.005/0.317 


0.003/0.257 


0.115/0.219 


EY 


0.021/0.360 


0.002/0.127 


0.094/0.370 


0.075/0.173 


0.123/0.144 



[0024](1) Although the acid orange 7 (A7) was azo coloring matter, although this thing stuck to 
Ti0 2 , it hardly stuck to it at other electrodes. The battery characteristic also brought a very bad 

result. 

(2) Although the mordant orange 1 (M1) was azo coloring matter, it showed adsorption good 
for all the half-copper body electrodes. However, the battery characteristic became very bad. 

(3) Although the NUKUREA farce tread (NF) was coloring matter of a quinone system, this 
thing showed adsorption good for all the semiconductor electrodes. However, the battery 
characteristic was very bad. 

[0025] 

[Effect of the lnvention]The organic-coloring-matter sensitization type semiconductor electrode 
of this invention has the improved performance, and the solar cell of this invention containing 
this electrode has the improved battery capacity. From it being the comparatively cheap thing 
which has high safety and by which the material is mass-produced, the solar cell of this 
invention can be produced comparatively cheaply, and can be thrown away after the use. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]An oxide semiconductor electrode, wherein a ratio [ as opposed to / being 
characterized by comprising the following / both / the appearance surface area ] of real surface 
area is ten or more and said organic coloring matter is coloring matter which has 9-phenyl 
xanthene skeleton. 

A substrate which has the conductive surface, and an oxide semiconductor film formed in the 
conductive surface. 

It consists of organic coloring matter by which the surface of the oxide semiconductor film was 
adsorbed, this oxide semiconductor film is formed from fired material of an oxide 
semiconductor particle aggregate, and it is a thickness of at least 10 nm. 

[Claim 2]An oxide semiconductor is a titanium dioxide and organic coloring matter Eosine Y, 
dibromofluorescein, Fluorescein, rhodamine B, pyrogallol, dichlorofluorescein, An oxide 
semiconductor electrode of claim 1 which is at least one sort chosen from the erythrosine B, 
fluorescin, uranine, the rhodamine 123, the fluorescein amine I, the fluorescein amine II, and a 
rose bengal. 

[Claim 3]An oxide semiconductor electrode of claim 1 whose oxide semiconductor is a titanium 
dioxide and whose organic coloring matter is a mixture of eosine Y and fluorescin. 
[Claim 4]An oxide semiconductor electrode of claim 1 which an oxide semiconductor is 5 
oxidation 2 niobium, and is at least one sort as which organic coloring matter is chosen from 
rhodamine B, aminopyrogallol, rhodamine 6G, and the rhodamine 123. 
[Claim 5]An oxide semiconductor is a zinc oxide and organic coloring matter 
Dibromofluorescein, Eosine Y, dichlorofluorescein, the erythrosine B, rhodamine B, 
Fluorescein, aminopyrogallol, phloxine, fluorescin, An oxide semiconductor electrode of claim 
1 which is at least one sort chosen from a rose bengal, uranine, tetrachlorofluorescein, the 
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fluorescein amine I, the fluorescein amine I, and the fluorescein amine II. 
[Claim 6]An oxide semiconductor is the tin oxide and organic coloring matter 
Dibromofluorescein, An oxide semiconductor electrode of claim 1 which is at least one sort 
chosen from rhodamine B, eosine Y, phloxine, fluorescein, dichlorofluorescein, the erythrosine 
B, uranine, a rose bengal, and the rhodamine 123. 

[Claim 7]An oxide semiconductor is 3 oxidation 2 indium, and organic coloring matter 
Rhodamine B, An oxide semiconductor electrode of claim 1 which is at least one sort chosen 
from the eosine B, phloxine, eosine Y, the erythrosine B, a rose bengal, dibromofluorescein, 
dichlorofluorescein, aminopyrogallol, and uranine. 

[Claim 8]A solar cell which comprises a redox electrolyte in contact with one of an oxide 
semiconductor electrode, its counter electrode, and those electrodes of claims 1-6. 



[Translation done.] 
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